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Summary
Introduction:  The  Evora  chromium—cobalt  alloy  dual  mobility  socket  claims  to  display  a  large
articulation  tribology  different  from  that  of  stainless  steel  models,  limiting  the  risk  of  intrapros-
thetic dislocation  and  wear.  The  present  study  reports  a  minimum  of  10  years’  follow-up  in  a
multicenter  prospective  series  of  200  sockets  previously  reported  on  at  5  years.
Hypothesis:  The  use  of  chromium—cobalt  in  dual  mobility  sockets  provides  a  low  rate  of  failure
at 10  years,  especially  as  regards  to  osteolysis  and  intraprosthetic  dislocation.
Materials  and  methods:  Two  hundred  hydroxyapatite-coated  molded  chromium—cobalt  sockets
without  titanium  interface  were  implanted  without  cement  in  194  patients  with  a  mean  age
of 70  years  (range,  32—91  years).  Clinical  results  were  assessed  on  Postel  Merle  d’Aubigné  and
Harris scores,  plain  radiographs  and  survival  analysis.
Results:  At  a  mean  11  years’  follow-up  (10—13  years),  56  patients  had  died  and  31  were  lost  to
follow-up. Four  underwent  surgical  revision  (3  femoral  components,  and  1  socket  for  migration
at 9  years  with  complete  disappearance  of  the  hydroxyapatite).  A  total  of  109  implants  were
analyzable  in  107  patients  with  a  mean  age  of  81  years  (55—93  years).  At  follow-up,  the  mean
Harris score  was  90  (75—96)  and  the  PMA  score  16.3  (14—18).  There  were  no  cases  of  loosening
(except for  the  case  reoperated  on  at  9  years)  and  no  acetabular  radiolucency  or  cysts.  There
were 2  cases  of  non-evolutive  femoral  radiolucency  and  10  of  femoral  granuloma,  involving  head
size >  22  mm  (P  <  0.0001)  and  a  cemented  titanium  stem  (P  =  0.004)  as  risk  factors.  There  were  no
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dislocations  in  the  large  or  small  articulation.  Ten-year  survival  was  99%  (95%  CI:  97.3%—100%)
with socket  revision  as  censorship  criterion.
Discussion:  The  absence  of  dislocation  in  both  small  and  large  articulations  conﬁrmed  the  efﬁ-
cacy of  the  dual  mobility  concept  and  suggested  an  advantage  for  chromium—cobalt  sockets
in reducing  the  rate  of  intraprosthetic  dislocation  and  preventing  blockage  of  the  large  articu-
lation by  a  better  performance  in  the  friction  couple.  Granulomas  were  associated  with  wear
in cemented  titanium  stems  and  with  heads  greater  than  22  mm  in  diameter.  Ten-year  survival
was 99%  (censorship  criterion:  revision  for  socket  failure);  there  was,  however,  one  case  of
socket loosening  with  disappearance  of  the  hydroxyapatite,  indicating  that  surveillance  should
be continued  in  this  cohort.
Level  of  evidence:  Level  IV.  Retrospective  study.
© 2013  Elsevier  Masson  SAS.  All  rights  reserved.
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he  concept  of  dual  mobility  was  invented  by  G.  Bousquet  in
980.  It  consisted  of  a  stainless  steel  socket  coated  with  alu-
ina  coating  and  ‘‘tripod’’  primary  ﬁxation  [1].  Favorable
esults  were  reported  using  a  cementless  screwed  steel  stem
162  cases)  [1]  and  with  a  Charnley  steel  stem  (437  cases)
2,3].  There  were  no  dislocations  in  Bousquet’s  series  [1]  and
 in  the  Aubriot  cohort  [2].  At  15  years’  follow-up,  3  causes
ppeared  for  revision:  intraprosthetic  dislocation  (respec-
ively,  2.4%  and  0.6%),  socket  loosening  (5.5%  and  3%)  and
emoral  loosening  (0.6%  and  3%)  [1,2].
The  Evora  socket  (Science  et  Médecine,  Montrouge,
rance)  differs  from  the  original  Bousquet  model  in
ts  material  (molded  chromium—cobalt),  hydroxyapatite-
oated  ﬁxation  interface,  and  primary  press-ﬁt  ﬁxation  with
 anchorage  spikes.  These  features  were  intended  to  reduce
he  rate  of  complications  found  with  the  original  model,
specially  by  reducing  the  rates  of  acetabular  loosening
nd  intraprosthetic  dislocation  by  improving  the  tribology
f  the  large  articulation  and  enhancing  osseointegration.
he  Evora  dual  mobility  socket  was  assessed  in  a  multicen-
er  prospective  study  at  5  years’  follow-up  [4].  The  present
eport  updates  the  same  series  of  200  implants,  with  a
inimum  follow-up  of  10  years,  to  investigate  whether  the
eneﬁts  observed  at  5  years  are  maintained  over  time.
aterial and method
mplant
he  implant  was  in  molded  chromium—cobalt  alloy.  The
uter  surface  presents  large  geometric  striations,  with  a
00    hydroxyapatite  coating.  The  inner  surface  is  treated
o  as  to  obtain  0.05    rugosity.  Sphericity  is  within  0.03  mm
or  a  180◦ half-sphere  prolonged  by  a  6.5  mm  cylindrical  pos-
erior  wall.  Socket  sizes  from  44  to  64  mm  are  available  in
 mm  increments.  Primary  ﬁxation  uses  3  mechanisms: an  asymmetric  growth  ring:  differential  elasticity
between  the  acetabular  surround  and  the  anterior  and
posterior  cones  is  offset  by  increasing  the  thickness,
reaching  a  maximum  in  the  inferior  part;
u
t
s anchorage  spikes:  on  impaction,  four  4  mm  spikes  resist
shear-stress;
 asuperior  screw:  an  optional  4.5  mm  diameter  screw  is
available  for  reinforcement.
Secondary  ﬁxation  is  provided  by  the  hydroxyap-
tite  interface.  The  large  geometric  irregularity  of  the
hromium—cobalt  surface  induces  bone  ﬁxation  after
esorption  of  the  hydroxyapatite.
The  polyethylene  is  non-reticulated.  The  mobile  insert
s  produced  by  dry  milling  of  compressed  plates  of  poly-
thylene  and  sterilized  by  ethylene  oxide.  The  center  of
otation  of  the  socket  is  0.33  mm  off-center  with  respect
o  the  center  of  the  convexity  so  as  to  achieve  optimal
nsert  centering.  Retention  is  ensured  by  a  beveled  collar.
he  polyethylene  insert  is  available  in  22.2,  26  and  28  mm
iameters.
atients
he  series  comprised  200  implants  in  194  patients  in  5
enters.  The  mean  age  was  70  years  (range,  32—91  years).
emographic  data  are  presented  in  Table  1. Femoral
tems  were  cemented  steel  (139),  cemented  titanium  (59),
ementless  titanium  (7)  or  other  (5).  The  mean  cup  diame-
er  was  52  mm  (46—60  mm).  Fixation  was  without  screws  in
03  cases;  screws  were  used  in  7  cases  because  the  surgeon
onsidered  it  necessary,  and  in  90  cases,  they  were  used  as
 standard  part  of  the  procedure.
The  mean  socket  inclination  was  46◦ (22◦—62◦).  On  ﬁrst
nterpretable  postoperative  views,  medialization,  lateral-
zation  or  ascension  of  the  center  of  rotation  of  the  socket
ever  exceeded  10  mm  with  respect  to  the  target  estab-
ished  on  the  preoperative  view.
ssessment
linical  assessment  was  based  on  Charnley  [5], Postel  Merle
’Aubigné  (PMA)  [6]  and  Harris  scores  [7].  The  radiological
ssessment  criteria  were  as  described  in  the  5-year  follow-
p  report  [4].
The  study  was  conducted  in  5  centers,  in  which  all  used
he  same  socket  but  had  their  own  preferences  regarding
urgical  approach,  type  of  femoral  stem,  femoral  stem
Evora® chromium—cobalt  dual  mobility  socket  at  10  years’  follow-up  925
Table  1  Patient  data.
Gender  (number  of  THAs)
Male  90
Female 94
Charnley
A 152
B 44
C 4
BMI
< 25 68
25—30  82
> 30  62
Diagnosis
Osteoarthritis  180
Necrosis  16
Polyarthritis  4
History
None 186
Fracture  5
THA revision  9
Femoral  component
Charnley  steel 139
SEM  titanium  59
Other 12
Femoral  ﬁxation
Cemented  193
Cementless  7
Head material
Steel  189
Ceramic  (10  Alumina,  1Zirconia) 11
Type
Morse  taper 147
Monoblock  53
Head diameter  (mm)
22.2  175
26 18
Figure  1  Femoral  granuloma  (titanium  pivot)  in  zone  7  at
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BMI: Body Mass Index; THA: total hip arthroplasty.
material,  type  of  connection,  head  diameter  and  head  size.
The  surgeons  each  reviewed  their  own  ﬁles.  In  the  explanted
loosened  socket,  polyethylene  wear  was  assessed  on  3D  CT
analysis  along  the  meridians  every  10◦ with  3D  simulation  on
THINK3  software  (Syspo  Ingénierie,  Lyon,  France).
Statistics
Quantitative  variables  were  described  by  range,  quartile,
median,  mean  and  standard  deviation.  Qualitative  variables
were  described  on  distribution  tables.  As  very  few  patients
showed  granuloma,  non-parametric  tests  were  used.  Nor-
mal  distribution  of  quantitative  variables  was  tested  on
Wilcoxon—Mann—Whitney  tests.  Normal  distribution  of  qual-
itative  variables  was  tested  on  Fisher  Exact  tests.  The
signiﬁcance  threshold  was  set  at  5%.
Ten-year  survival  was  calculated  on  the  Kaplan—Meier
method  with  95%  conﬁdence  intervals.  Data  were  censored
for  surgical  revision  of  the  socket  except  if  for  infection.
There  were  initially  200  cases,  and  107  cases  remaining  at
risk  at  10  years.
w
i
10 years’  FU  (1999  [top]  and  2001  [bottom]  views)  with  acetab-
lar bone  rarefaction  in  zone  3.
esults
he  194  patients  were  operated  on  before  January  2001  and
een  again  after  January  1st,  2010.  At  this  follow-up,  55
atients  (56  implants)  had  died  (29%)  and  30  (31  implants)
ere  lost  to  follow-up  (16%);  10  bed-ridden  patients  were
ounted  as  lost  to  follow-up.  Four  patients  (2%)  underwent
urgical  revision:  3  femoral  causes  before  5  years,  and  1
cetabular  cause  at  9  years;  109  implants  in  107  patients
ere  analyzable  at  the  10-year  follow-up.  The  mean  follow-
p  was  11  years  (range,  10—13  years).
The  mean  age  at  follow-up  was  81  years  (range,
5—93  years).  On  the  Charnley  classiﬁcation,  72  patients
ere  graded  A,  13  B,  18C,  and  4  were  not  graded.  The  mean
arris  score  was  48  (35—65)  preoperatively,  92  (80—96)  at
 years  and  90  (75—96)  at  10  years.  The  mean  PMA  score  was
1  (7—13)  preoperatively,  17.2  (15—18)  at  5  years  and  16.3
14—18)  at  10  years  (P  <  0.05  between  preoperative  versus  5-
nd  10-year  values,  but  NS  between  5-  and  10-year  values).
etween  the  5-  and  10-year  follow-up  consultations,  there
ere  no  cases  of  dislocation  or  of  infection;  there  was  no
ntraprosthetic  dislocation.
Comparing  the  ﬁrst  view  and  that  taken  at  more  than
0  years’  follow-up,  they  found  no  migration  of  more  than
926  S.  Leclercq  et  al.
Table  2  Risks  factors  for  femoral  granuloma.
Femoral  granuloma  Test  P-value
Without  With
Stem  material FE 0.0043*
Steel  79  3
Titanium  20  7
Head material FE 0.18
Steel  98  9
Ceramic  1  1
Head diameter FE 5.04E006*
22.2  mm  91  3
26, 28  mm  8  7
Morse taper FE 1
Yes  66  7
Monoblock  33  3
Socket  diameter  52  mm  (46—50)  52  mm  (48—56)  W  0.88
Socket inclination  43◦ (20—58)  46◦ (32—62)  W  0.57
BMI W 0.15
< 25  5  41
> 25  5  58
Age at  revision  81  (55—93)  0.08
Gender FE 0.74
M 5  47
F 5  52
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* Signiﬁcant difference.
 mm  in  the  center  of  rotation  or  change  of  more  than  3◦
n  inclination,  except  one  socket  that  migrated  more  than
0  mm  and  underwent  surgical  revision.  Twenty-one  of  the
2  lucencies  around  the  socket  found  on  the  immediate
ostoperative  view  had  disappeared  at  5  years,  with  no  fur-
her  evolution  at  10  years.  The  11  condensations  and  8  cysts
ound  on  the  immediate  postoperative  view  had  disappeared
t  5  years  and  none  appeared  at  10  years.
On  the  femoral  side,  at  5  years,  2  cemented  implants
howed  non-evolutive  metaphyseal  radiolucency;  there  was
o  granuloma.  At  10  years,  the  non-evolutive  radiolucency
ersisted  in  both  implants  but  there  were  also  10  cases  of
ranuloma  (9.1%):  5  in  region  7  (Fig.  1),  3  in  regions  7  and
,  1  in  region  2  and  1  global;  these  cases  involved  3  steel
tems  (3.5%  of  the  82  steel  stems)  and  7  titanium  stems
28%  of  the  27  titanium  stems)  (P  =  0.0043),  and  3  had  22.2-
m  heads  (3%  of  the  94  22.2  mm  heads)  and  7  had  26  mm
eads  (58%  of  the  12  26  mm  heads)  (P  <  0.0001);  9  heads
ere  in  steel  and  1  in  zirconia.  The  mean  socket  inclina-
ion  was  46◦ (range,  32—62◦)  and  mean  diameter  52  mm
48—56  mm),  not  signiﬁcantly  different  from  the  rest  of  the
eries  (Table  2).  Granuloma  correlated  signiﬁcantly  with
arge  (26  and  28  mm)  heads  and  with  cemented  titanium
tems  (Table  2);  these  two  variables  were  not  independent
Fischer  Exact  test;  P  =  8.823e-12)  and  the  principal  factor
ould  not  be  distinguished.
At  5  years’  follow-up,  there  were  3  revision  proce-
ures  for  femoral  causes:  1  aseptic  loosening  at  3  years,
 fracture  under  the  implant  3  years  after  implantation,
omplicated  by  infection,  and  1  hematogenic  infection  at
 years.
i
a
d
nle.
At  9  years,  1  patient  underwent  surgical  revision  for
oosening  of  the  socket.  He  had  been  operated  on  for
steoarthritis  of  the  hip,  with  asymptomatic  hip  at  3  years;
echanical  pain  followed  a  fall  sustained  4  years  postop-
ratively;  implant  loosening  became  apparent  at  9  years
Fig.  2A).  Analysis  of  the  explant  (Fig.  2B)  found  that  the
ydroxyapatite  had  disappeared;  the  polyethylene  insert
howed  no  measurable  wear  in  the  convexity  but  1.58  mm
inear  wear  (wear  plus  creep:  0.17  mm/year)  with  a  debris
olume  of  0.539  cm3 (0.06  mm3/year)  (Fig.  2C).  There  was
o  loss  of  collar  retention.
With  a  censorship  criterion  of  surgical  revision  for
non-infectious)  socket  failure,  10-year  survival  on  the
on-parametric  Kaplan—Meier  method  was  99%  with  107
emaining  at  risk  at  10  years  (95%  CI,  97.3—100%)  (Fig.  3).
iscussion
illes  Bousquet’s  socket  was  in  stainless  steel,  with  the  con-
exity  coated  in  alumina  and  primary  ﬁxation  using  two  studs
nd  a  screw.  Two  historic  series  were  published,  with  15-
ear  follow-up:  the  designer  series  of  Philippot  et  al.  [1]
nd  Aubriot’s  series,  reported  by  Vielpeau  et  al.  [3].  The
esults  showed  a  low  rate  of  dislocation:  respectively,  0  and
.45%.  These  dual  mobility  sockets  ran  3  risks  of  revision:
ntra-articular  dislocation  (2.4%  and  0.6%),  socket  loosen-
ng  (5.5%  and  3%)  and  femoral  component  loosening  (0.6%
nd  3%).  The  present  results  suggest  that  the  Evora  implant
oes  not  incur  the  same  complications:  not  only  was  there
o  dislocation  of  the  large  articulation,  but  also  there  was
Evora® chromium—cobalt  dual  mobility  socket  at  10  years’  follow-up  927
Figure  2  Aspect  of  failure  at  9  years’  follow-up,  with  revision  for  socket  migration.  A.  Radiograph  showing  failure  at  9  years’
follow-up. Socket  loosening.  B.  Explant  aspect  showing  complete  disappearance  of  hydroxyapatite,  without  bone  coverage.  No
visible wear.  C.  Explant  wear  assessment  method.
no  intra-articular  dislocation  and  only  1  case  of  socket  loos-
ening  (0.5%)  at  a  minimum  10  years’  follow-up.
The  study  involved  limitations.  It  was  conducted  over  5
centers,  each  with  its  own  free  choice  of  femoral  compo-
nent,  head  diameter  and  material,  surgical  approach  and
indications.  The  choice  of  socket,  on  the  other  hand,  was
systematic,  and  is  the  focus  of  the  study.  The  surgeons
reviewed  their  own  ﬁles,  but  with  a  standard  assessment
protocol  across  the  centers  and  with  clear  and  reproducible
principal  assessment  criteria  (dislocation  and  re-operation).
Figure  3  Ninety-nine  percent  10-year  implant  survival  (95%
CI, 97.3—100%).  At  risk  at  10  years,  n  =  109.  Censorship  criterion:
surgical  revision  for  acetabular  cause  (except  infection).
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fThe  absence  of  dislocation  at  10  years  in  the  present
eries  conﬁrmed  the  efﬁcacy  of  dual  mobility  in  preventing
mplant  instability  [1,8].  Plain  radiographs  seem  an  unreli-
ble  means  of  assessing  wear  in  dual  mobility  sockets  [9].
nalysis  of  the  polyethylene  insert  found  no  measurable
onvexity  wear,  suggesting  little  stress  at  this  interface.
he  concave  surface  showed  uniaxial  wear,  conﬁrming  that
obility  essentially  involves  the  smaller  diameter.  Concavity
xcentricity  induces  a  friction  couple  between  the  centers
f  rotation  of  the  convexity  and  the  concavity,  theoretically
tabilizing  the  insert  in  a  neutral  position.  The  wear  found
n  the  present  explant  was  of  the  same  order  as  reported
y  Adam  et  al.  [10]  (0.17  mm/year  linear  wear,  resulting  in
.06  mm3/year  polyethylene  debris),  while  concavity  wear
as  of  the  same  order  as  in  a  cemented  polyethylene
mplant  [11].
Intraprosthetic  dislocation  was  rare  in  the  Aubriot  series
3]  (3  out  of  437  at  15  years’  follow-up),  but  more  frequent
n  Bousquet’s  [8]  (10  out  of  240  at  22  years)  with,  in  the  same
eries  reported  by  Philippot  et  al.  [1], greater  risk  with  tita-
ium  (4.8%  at  12  years)  than  steel  necks  (2.4%  at  18.5  years).
ollar  wear  depends  on  neck  tribology:  material,  surface
nish,  diameter.  It  also  depends  on  the  force  required  to
obilize  the  polyethylene  insert.  The  friction  coefﬁcient
etween  concave  metal  and  convex  polyethylene  is  another
arameter.  The  most  that  can  be  said  is  that  Cr—Co/PE  fric-
ion  is  associated  with  less  intraprosthetic  dislocation  than
teel/PE  friction  [1—3,12—14].
At  10  years’  follow-up,  the  present  series  displayed
emoral  granuloma  in  9.1%  of  the  cases:  in  3.7%  with  polished
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[28  
tainless  steel  stems,  and  35%  with  cemented  roughened
itanium  stems.  This  impact  of  surface  ﬁnish  has  been  previ-
usly  noted  [15].  With  the  same  roughened  titanium  stem,
 ﬁxed  socket  and  26  mm  head  (zirconia  in  46%  of  cases),
rieh  et  al.  [16]  reported  an  18%  rate  of  femoral  granuloma
t  9  years.  It  may  be  not  the  titanium  but  the  rough  sur-
ace  that  is  implicated  since,  with  6-fold  lower  rugosity,  the
stealTM stem  showed  better  results  [17], although  with  a
ifferent  bearing  (alumina—alumina).  Interface  reactions  on
he  femoral  side  depend  more  on  stem  ﬁnish  than  on  stem
aterial  or  polyethylene  wear  [18].
The  aseptic  implant  loosening  at  9  years  raises  the  ques-
ion  of  long-term  metal-back  implant  ﬁxation.  Massin  et  al.
19],  comparing  various  models  of  dual  mobility  socket,
ound  8-year  survival  values  ranging  from  84%  to  100%
ccording  to  the  type  of  ﬁxation.  Hydroxyapatite  is  not  a
table  material,  and  lasting  ﬁxation  depends  on  the  material
nd  design  of  the  underlying  surface.  The  large  striations,
he  4  anchorage  spikes  and  the  chromium—cobalt  alloy  pro-
ided  satisfactory  mechanical  stability  after  hydroxyapatite
esorption,  although  there  was  1  failure,  which  brought  the
0-year  survival  curve  down  to  99%.
onclusion
he  Evora  socket’s  10-year  survival  rate  was  99%.  Granu-
oma  involved  only  the  femur,  and  depended  on  femoral
tem  characteristics.  Long-term  ﬁxation  is  not  a  matter  of
one-hydroxyapatite  binding  and  the  characteristics  of  the
nderlying  interface  should  enable  it  to  replace  the  function
f  the  hydroxyapatite.  Ten-years’  follow-up  is  insufﬁcient  to
laim  that  the  tribology  induced  by  the  chromium—cobalt
lloy  puts  less  strain  on  the  collar  with  a  consequently
educed  risk  of  intraprosthetic  dislocation.  For  comparison
o  the  reference  series,  ﬁve  more  years  will  be  needed  to
onﬁrm  superiority  in  terms  of  intraprosthetic  dislocation
nd  socket  loosening.
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